Abstract -This study was carried out to determine the plant communities and understand the main topographical driving factors of floristic differentiation in the Sivrihisar Mountains (Eskişehir Province). Vegetation samplings were carried out according to the Braun-Blanquet approach. The relevés were stored in the TURBOVEG database management program. Hierarchical classification was carried out in PC-ORD program with Ward's method and Euclidean distance as a resemblance measure. The diagnostic species were identified by a fidelity measure in the JUICE program. The results of the classification were visualized by ordination techniques in the CANOCO package by using principal component analysis. In conclusion, except for the degraded forest community, all the 7 steppe and 1 scrub plant communities studied were identified and described as new associations. Also, a syntaxonomical scheme for the vegetation of Sivrihisar Mountains was suggested.
Introduction
Steppes, which face habitat loss, fragmentation and degradation, are among the most endangered biomes of the world. Treeless vegetation dominated by perennial xerophilous grass and herbs is typical of these types of formation (Török et al. 2016) . The Central Anatolian Plateau has a distinctive plant cover on the account of its isolation, due in turn to the high surrounding mountains and special nature (Aksoy and Hamzaoğlu 2006) . Steppe vegetation is the main vegetation type, as it is in East and parts of South Anatolia, as a result of precipitation insufficient for the growth of trees under arid and semi-arid variants of Mediterranean climate (Atalay and Efe 2010) . Numerous genera such as Acantholimon, Astragalus, Centaurea, Cousinia or Verbascum have their evolutionary origin and main centre of diversity in this region (Kürschner and Parolly 2012) . The Central Anatolian steppe is generally typically surrounded by steppic woods and forest formations (Hamzaoğlu and Duran 2004) . Although the floristic richness in the Central Anatolian steppe vegetation is very high, showing high levels of endemism, it is threatened by overgrazing pressure, intensive farming, and other management practices (Aydoğdu et al. 2004 , Kurt et al. 2006 , Kaya et al. 2011 . Even though this steppe, forming the Central Anatolian Province of Irano-Turanian Region, has long been studied by many botanists (Louis 1939 , Krause 1940 , Walter 1956 , Birand 1961 , 1970 Çetik 1985 , Akman et al. 1985 , Ketenoğlu et al. 1983 Hamzaoğlu and Duran 2004) , much of its ecological diversity is understudied and more studies are needed.
This study was carried out in this context, to determine plant communities and their structural components, to define ecological and geographical gradients and to examine the floral diversity in the Sivrihisar Mountains in Turkey. We expect that this classification will guide future phytosociological studies and will serve as a base for various prospective studies.
Materials and methods

Study area
Sivrihisar Mountains is a mountain chain extending from the Sakarya arc in the southeast corner of Eskişehir Province, in the SE-NW direction towards Kaymaz district, located between 39° 28' 00" latitude and 31° 34' 60" longitude ( Fig. 1) . The study area is mainly covered by steppe vegeta-tion but also by degraded shrub and forest vegetation. The vegetation in the study area was intensely affected by overgrazing, agricultural activities and the expansion of stone and marble quarrying.
The altitude ranges from 1000 m a.s.l. to 1415 m a.s.l. The study area, within the Irano-Turanian phytogeographical region and placed in the B3 square according to the grid system of Davis (1965 Davis ( -1985 , is represented by the "EastMediterranean Precipitation Regime Type II" according to Emberger's classification (Akman 1990 ) (see On-line Suppl. Tab. 1). The area does not have any protection status. Largely the Paleozoic rocks are exposed in Sivrihisar Mountains in Eskişehir, while Mesozoic and Tertiary outcrops are also encountered.
Vegetation samplings and data analysis
The field work was carried out between 2003 and 2005. Homogenous sampling plots with an area of 50 m 2 were selected for steppe vegetation, the dominant vegetation type in the area, 100 m 2 for scrub vegetation and 150 m 2 for the degraded forest vegetation. The protocol for each plot included general, topographic and other data of individual plots, such as altitude, inclination, aspect, vegetation cover (total and of individual layers) and a list of all vascular plants, in which a cover value was assigned to each species according to the nine degree Braun-Blanquet scale (Braun-Blanquet 1964, Westhoff and Van Der Maarel 1973) .
The samples (hereinafter relevés) were stored in the TURBOVEG database management program (Hennekens and Schaminée 2001) . Hierarchical classification of the data set was carried out in the computer program PC-ORD (Mc Cune and Meffords 2006) . The Euclidean distance was used as a resemblance measure for analysis and Ward's Method for dendrogram construction. Various levels of division were accepted in the dendrogram, resulting in nine clusters interpretable in terms of ecology. Additionally, the diagnostic species of the accepted clusters were identified by a fidelity measure in the JUICE program (Tichý 2002) . The threshold of the phi value was subjectively selected at 0.50 for a species to be considered as diagnostic (Chytrý et al. 2002) . Besides, the constant and dominant species of the clusters were defined in JUICE. Species that had a more than 50% occurrence frequency for a given community were defined as constant species, while species attaining a cover higher than 30% in more than 70% of the relevés were accepted as dominant species.
The results of the classification were visualized by ordination techniques in the CANOCO 4.5 package (Ter Braak and Šmilauer 2002) . Principal component analysis (PCA), which is an indirect ordination method assuming a unimodal response of species to the environment, was run due to the high heterogeneity in the matrix of species (Lepš and Šmilauer 2003) . Topographical variables were passively projected on the ordination plane. We also calculated the spectra of geo-elements according to Davis (1965 Davis ( -1985 and Davis et al. (1988) and life forms in accordance with Raunkiaer (1934) and they were also passively projected on the ordination diagram. Correlations between PCA releve scores and topographical variables, geoelement and growth form were calculated by using the non-parametric Kendall coefficient in STATISTICA (Anonymous 2007) . The nomenclature of plant species follows Flora of Turkey (Davis 1965 , Davis et al. 1988 ) and new syntaxa were described in accordance with the International Code of Phytosociological Nomenclature (Weber et al. 2000) . Syntaxonomical interpretations of taxa for the forest vegetation were made according to Quézel (1973) , Akman et al. (1978a Akman et al. ( , b, 1979 , and Qué-zel et al. (1978 Qué-zel et al. ( , 1980 . Classification of the taxa belonging to the steppe communities was made according to the studies carried out by Akman et al. (1984 Akman et al. ( , 1985 , Ketenoğlu et al. (1983), and Quézel et al. (1992) .
Results
Classification
The classification analysis resulted in nine main clusters representing clear floristic and ecological differences of vegetation in the Sivrihisar Mountains (Fig. 2) . While seven of these clusters represent steppe vegetation, the other two clusters represent the scrub and forest vegetation in the study area. Diagnostic, constant and dominant species of these clusters are as follows: 
Ordination
The PCA ordination of relevés for the nine clusters (Fig.  3) shows that there is a clear gradient along the both axes of the ordination. These gradients show the ecological differences among the communities in the study area. The gradient of the ordination mainly results from the differentiation of Juniperus oxycedrus-Cistus laurifolius and Quercus pubescens forest. These clusters are characterized by the high appearance of phanerophytic species (Fig. 3) which has a strong positive correlation with both of the ordination axes and the altitude (Tab. 1). These two clusters are also formed on the highest elevation zones of the study area (Fig. 3 and Tab. 1).
All topographical variables used in the study have strong effects on the floristic differentiation of the vegetation. However, altitude has the highest effect (Tab. 2). Due to the strong differentiation of J. oxycedrus-C. laurifolius and Q. pubescens forest, representing the higher vegetation types (scrub and forest) in the study area, these two communities were excluded from further ordination analysis to show clearly the differentiation between the others. For the lower vegetation types (steppe communities), ordination also shows clear gradients along two axes (Fig. 4) and there are significant topographical differences between steppe communities (Tabs. 3, 4).
Discussion
Ecological differences
The effects of topographical variables on species richness and diversity, like the other ecological components affecting the biological mechanisms, were clearly shown (Burke et al. 1989 , Sebastiá 2004 ). In our case, it was also seen that topographical variables (altitude, aspect, inclination) have explicit driving effects on community differentiation of steppe vegetation. These kinds of effects of topography were also shown for different vegetation types in Turkey before like forests, scrublands and grasslands (Fontaine et al. 2007 , Kavgacı et al. 2010a Özkan 2009 . The clear gradients of these topographical factors also correspond to the geo-elemental structure. The communities at higher altitudes have a higher proportion of Euro-Siberian plant species in comparison with the other communities. The communities at lower altitudes are clearly represented by Irano-Turanian plants. As is known, higher elevations are associated with higher precipitation (Basist and Bell 1994) and the phytogeographical differences in the study area can be a result of these local climatic differences.
Plant communities show clear growth form differences at local, regional and global scales by depending on the changing environmental and ecological conditions (Rowe and Speck 2005) . In this context, clear growth form differences among the communities in the study area were also observed. The communities at lower altitudes and with northern aspects are mostly represented by the Therophytes and Cryptophytes. The high proportion of Therophytes may indicate the dry site conditions at these areas. Chamaephytes are more common and characteristic for higher zones and southern slopes, which is probably the result of the human pressure at these sites.
Syntaxonomy
There are nine different plant communities in the study area. Two of them are Cistus laurifolius-dominated scrub (Akman et al. 1985) . All of the steppe communities which were identified in the research area were classified under the alliance Phlomido armeniacae-Astragalion microcephali since this alliance represents the communities on radiolarite, flysch, marly and serpentine rocks at altitudes ranging from 750 m to 1350 m a.s.l. (Akman et al. 1984) . Artemisia scoparia-dominated community occurs at approximately the middle elevation zone of the study area. It is mostly seen on inclined slopes. The phanerophytic species, Rubus sanctus and Amygdalus orientalis join to the floristic composition of this community locally. The dominance of Euro-Siberian plants is very clear in this community and it is also characterized by the more frequent appearance of widely distributed plants. The diagnostic species of the community are clearly differentiated from the previously described A. scoparia-dominated communities from central Anatolia (Akman et al. 1991 , Kurt 2002 ). Due to this fact, it is classified as Thymo sipylei-Artemisetum scopari ass. nova hoc loco. The nomenclatural type is relevé number 16 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/16).
The Thymus leucostomus var. argillaceus-dominated community is distributed on the lower elevation belts with northern aspects. It is represented by the highest occurrences of therophytic and cryptophytic species. The high occurrence of therophytes, generally indicating a typically desert spectrum vegetation, may be a result of over-grazing in this community (Jankju et al. 2011) . None of the geo-elements shows clear dominance in this community. The previously described T. leucostomus var. argillaceus-dominated communities in Central Anatolia are found on gypsum bedrock (Akman 1990 , Kurt et al. 1999 and classified under the alliance Astragalo karamasici-Gypsophylion eriocalycis which is clearly different from our case. Due to this fact, the Thymus leucostomus var. argillaceus-dominated community is classified as Alysso strigosi-Thymetum argillacei ass. nova hoc loco. The nomenclatural type is relevé number 65 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/65).
The Astragalus microcephalus-dominated community is placed on the lower vegetation belts with northern aspects. The site of this community is highly inclined. The community can be characterized by the relatively high proportion of chamaephytes and low proportion of therophytes. Due to the wide distribution of A. microcephalus, many A. microcephalus communities are described in Anatolia (Çetik 1963 (Çetik , Akman 1974 (Çetik , 1976 Akman and Ketenoğlu 1976 , Düzenli 1976 , Kılınç 1985 , Akman 1990 , Akman et al. 1991 , Ocakverdi and Ünal 1991 , Ocakverdi and Oflas 1999 , Aydoğdu et al. 1994 , Tatli et al. 1994 , Hamzaoğlu 1999 , Kurt et al. 1999 , Kurt 2000 . However, our community shows clear differences from these communities because of the different diagnostic species, and it is classified as Thymo longicauli-Astragaletum microcephali ass. nova hoc loco. The nomenclatural type is relevé number 129 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/129).
The Astragalus angustifolius ssp. angustifolius var. angustifolius-dominated community is placed on a very narrow vegetation belt at the lower elevation zone. The site of this community is formed on gentle slopes. The number of IranoTuranian plants and chamaephytes is the highest in this community. There are several A. angustifolius dominated communities described from the different parts of Anatolia which were classified under different alliances (Schwarz 1936 , Qué-zel 1973 , Akman 1974 Akman and Ketenoğlu 1976 , Düzenli 1976 , Kılınç 1985 , Akman 1990 , Akman et al. 1991 , Ocakverdi and Ünal 1991 , Hamzaoğlu 2000 , Şanda et al. 2000 . But in our case, there is a clear floristic difference and the A. angustifolius ssp. angustifolius var. angustifolius-dominated community is classified as Anthemo tinctoriae-Astragaletum angustifoli ass. nova hoc loco. The nomenclatural type is relevé number 11 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/11).
The lowest distribution zone of the study area is formed by the Artemisia santonicum-dominated community. These sites have mostly northern oriented slopes with relatively high inclinations. This community can also be characterized by the relatively higher appearance of Euro-Siberian plants than the other communities. The number of Hemicryptophytes, Cryptophytes and Therophytes is also high in this community. A. santonicum-dominated communities are described by Ocakverdi and Ünal (1991) , Aydoğdu et al. (2001) , Aydoğdu et al. (1994) , Kurt (2002) and grouped under different alliances. The A. santonicum-dominated community in Sivrihisar Mountains represents a different floristic composition from the previous studies, and it is classified as Sideritido montani-Artemisetum santonici ass. nova hoc loco. The nomenclatural type is relevé number 26 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/26).
The majority of the study area, covered by lower communities, is formed by an Astragalus condensatus-dominated community and an Astragalus plumosus var. plumosus-dominated community. These communities, showing similar environmental characteristics, are distributed mostly on southern slopes. They are dominated by Chamaephytes differently from the other communities and characterized by the highest appearances of Irano-Turanian plants, which indicate a higher steppic character (Kurt et al. 2006) in comparison with the other steppe communities. Akman et al. (1984) describes an Astragalus condensatus-dominated community under the alliance Salvio tchihatcheffii-Hedysarion varii. But the A. condensatus-dominated community in the Sivrihisar Mountains represents a very different floristic composition from this community, and it is classified as Globulario lumose-Astragaletum condensati ass. nova hoc loco. The nomenclatural type is relevé number 58 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2/58). The communities dominated by the spiny taxon Astragalus plumosus var. plumosus are described by Akman (1976) , Akman and Ketenoğlu (1976) , Akman (1990) and Yurdakulol et al. (1990) . However, the community at Sivrihisar Mountains is formed by different floristic composition than those com-munities and is classified as Salvio cryptanthae-Astragaletum plumosi ass. nova hoc loco. The nomenclatural type is relevé number 90 in On-line Suppl. Tab. 2 (holotypus hoc loco: Online Suppl. Tab. 2/90).
The dominant components of the peripheral vegetation around Central Anatolia have been included in the class Quercetea pubescentis (Akman et al. 1984) . Cistus laurifolius is an important element of this vegetation type and appears intensively especially in the transitional zone between inner Anatolia and the Mediterranean, Aegean and Marmara Regions. It mostly occurs as the remnants of Pinus nigra forests as a result of a regressive succession process. In the initial phase of the succession, it is often found as mixed communities with oak species. The C. laurifolius-dominated shrub community in the study area is named Junipero oxycedri Cistetum laurifoli ass. nova hoc loco. The nomenclatural type is relevé number 21 in On-line Suppl. Tab. 2 (holotypus hoc loco: On-line Suppl. Tab. 2 /21). It is grouped under Quercion anatolicae alliance belonging to Querco-Carpinetalia orientalis order due to lack of congruence with PinoCistion laurifolii alliance characteristics which is accepted as the alliance of C. laurifolius dominated communities in the other parts of Anatolia (Akman and Ketenoğlu 1976 , Çetik and Vural 1979 , Hamzaoğlu and Duran 2004 . The high frequency of characteristic species of Astragalo-Brometea and Onobrychido-Thymetalia in this community may indicate a conversion through steppe vegetation. The steppe vegetation of Central Anatolia has resulted from the reduction or extinction of former primary forest vegetation, which has disappeared due to biotic factors (Kılınç 1979 , Kurt et al. 2006 . The higher scrub and wood communities in Central Anatolia represent their degraded forms (Kurt et al. 2006) , and these communities are under high anthropogenic pressure today. Quercus pubescens dominated forests in the study area are one of the remnants of those forests. Although forest species such as Trifolium pannonicum ssp. elongatum, Vicia cracca ssp. stenophylla, Coronilla varia ssp. varia, Pyrus elaeagnifolia, Juniperus oxycedrus ssp. oxycedrus are found as accompanying plants in the degraded Q. pubescens forests in the area, the high coverage by steppic species may indicate that the formation is a transitional phase. Although several Q. pubescens forest communities are described from Anatolia (Akman and Ketenoğlu 1976 , Ketenoğlu and Akman 1982 , Akman and Aydoğdu 1986 , the Q. pubescens forest community in theSivrihisar Mountains is not identified at association level due to its highly degraded structure.
In conclusion, in addition to the Q. pubescens forest community, 7 steppe and 1 scrub associations are identified and described as new associations in this study. The degraded structure of forest and scrub vegetation indicates the severe anthropogenic effects in the region. However, the presence of various plant associations in such a small area reflects the high floristic and ecological diversity. This emphasizes the importance of the region in terms of nature conservation. So, the richness and diversity of the region should be taken into consideration during the preparation of a management plan for the region, especially from the restoration point of view.
In accordance with these assessments, the syntaxonomical scheme of communities and nomenclature type relevés of the newly described syntaxa can be suggested as follows: 
